Objective: To delineate the association between characteristics of adult-onset laryngeal squamous cell papilloma and human papillomavirus (HPV) infection. Methods: Clinical records and paraffin-embedded specimens of 77 papilloma patients who had been treated between 1998 and 2014 were collected. Of the 77 cases, 34 were identified in the larynx, 28 in the oral cavity and 15 in the oropharynx. Specimens were investigated by polymerase chain reaction (PCR) to detect HPV 6, 11, 16, 18, 31, 33, 35, 52b and 58, and immunohistochemical (IHC) staining for anti-p16
Introduction
Benign lesions of mucosal surface of the head and neck region are relatively common and sometimes represented by human papillomavirus (HPV). Although HPV is well-known to be associated with laryngeal papilloma, unexpectedly, only a few reports have examined the associations between laryngeal papilloma and various types of HPV including high-and low-risk HPVs (1) (2) (3) . In the present study, polymerase chain reaction (PCR) and immunohistochemical (IHC) studies of HPV infection were conducted in a series of head and neck squamous cell papillomas, to investigate the relationship between high-and low-risk HPV infection and clinicopathological characteristics, and the reliability of p16 IHC staining to detect HPV infection in laryngeal squamous cell papilloma.
Materials and methods

Patients
The study population comprised 77 patients with adult-onset squamous cell papilloma who had been treated at Okayama University Hospital and four affiliated hospitals between 1998 and 2014. Mean duration of follow-up for patients after detection of laryngeal papilloma was 42.4 months (range, 1-142 months). After surgical resection, the patients were followed-up for at least 1 year for the check of recurrence. Lesions of squamous cell papilloma were identified in the larynx (n = 34), oral cavity (n = 28) and oropharynx (n = 15). All study protocols were approved by the institutional review board at Okayama University Hospital. For the diagnosis of squamous cell papilloma, histopathological examinations were conducted for all patients. Since 3 of the 34 patients with laryngeal squamous cell papilloma underwent only biopsy, and did not undergo complete resection, epidemiological analysis for laryngeal squamous cell papilloma was performed in the 31 patients who underwent curative treatment. We have defined the lifelong nonsmokers as 'nonsmokers', and former smokers and current smokers as 'smokers' from the clinical records. We have also defined the lifelong nondrinkers and social drinkers as 'nondrinkers' and those who regularly drink multiple times per week as 'drinkers'. Pathological findings of koilocytosis were defined as the presence of a clear perinuclear zone in intermediate and superficial squamous cells (Fig. 1) .
IHC staining
Serial sections (4 μm) were cut from each paraffin-embedded tissue block of the 34 laryngeal squamous cell papillomas, and appropriate sections underwent IHC staining with anti-p16
INK4a antibody
(1:200, EPR1473; abcam, Cambridge, UK), using an automated Bond Max stainer (Leica Biosystems, Melbourne, Australia). IHCstained tissue sections were scored separately by one pathologist and two otolaryngologists blinded to clinical parameters. IHC p16 staining was mostly observed in the cytoplasm and nuclei of papilloma cells, with staining intensity scored as: 0 = negative (no staining, or staining in nuclei only); and 1 = positive (medium to strong staining in cytoplasm and nuclei) (Fig. 2) . After deciding on the scores independently, the three observers discussed appropriate scoring and decided on the final score.
PCR for HPV
Tumor lesions were trimmed from each formalin-fixed paraffinembedded block of 77 squamous cell papillomas (larynx, n = 34; oral cavity, n = 28; oropharynx, n = 15) followed by deparaffinization, and total nucleic acid extraction was performed using QIAamp DNA Micro Kit (Qiagen, Valencia, CA, USA 
Statistical analysis
The significance of differences in baseline characteristics was determined using the chi-square test or Fisher's exact test, as appropriate. All analyses were performed using SPSS version 21.0 J software (SPSS, Armonk, NY, USA). Values of P < 0.05 were accepted as significant, while values of P < 0.1 were considered to indicate a tendency.
Results
Overall outcomes and association of clinical characteristics and status of HPV infection in 31 patients with laryngeal squamous cell papilloma (Table 1) The 31 patients with adult-onset laryngeal squamous cell papilloma included 15 men and 16 women, with a mean age at the time of papilloma detection of 59.9 years (range, 21-86 years). No malignant transformation was observed during the study period. Fifteen (48.4%) were smokers and 12 (40%) were drinkers (drinking status of one patient was unknown). Seventeen (54.8%) of the 31 patients showed complaints of hoarseness at first presentation to hospitals. Twenty-seven patients (87.1%) had only one papilloma lesion in the larynx, three (9.7%) had two lesions, and one (3.2%) had three lesions. Seventeen (54.8%) showed recurrence of the disease after more than one curative surgery. Relatively younger patients (<60 years) showed significant associations with HPV-infection compared with older patients (≥60 years; P = 0.0077 in high-risk HPV, P = 0.045 in low-risk HPV).
Association of HPV infection and pathological finding of koilocytosis in 34 laryngeal squamous cell papillomas (Table 2) Among the 34 patients with laryngeal squamous cell papilloma for whom papilloma tissues were available, 14 (41.2%) showed positive results for high-risk HPV, 18 (52.9%) were positive for lowrisk HPV, 11 (32.4%) were positive for both high-and low-risk HPV, and 21 (61.8%) were positive for either high-or low-risk HPV or both. IHC scores of p16 were positive in 22 patients (64.7%) and negative in 12 patients (35.3%). Either high-and low-risk HPV infection and positive IHC staining were significantly associated with pathological finding of koilocytosis (P = 0.042 and P = 0.0017).
Association of HPV infection and pathological finding of koilocytosis in 28 oral and 15 oropharyngeal squamous cell papillomas
The 28 patients with adult-onset oral (tongue, 21; hard palate, 5; gingiva, 2) squamous cell papilloma included 14 men and 14 women, with a mean age at the time of papilloma detection of 59.0 years (range, 24-82 years). The 15 patients with adult-onset oropharyngeal squamous cell papilloma included 10 men and five women, with a mean age at the time of papilloma detection of 61.9 years (range, 42-78 years). We could not get enough clinical characteristics including smoking habit or drinking habit in the oral and oropharyngeal squamous cell papilloma due to lack of description in the clinical records. Twenty-five (89.3%) of 28 patients with papilloma in the oral cavity had only one lesion, two (7.1%) had two lesions and one (3.6%) had three lesions. Thirteen (86.7%) of 15 patients with oropharyngeal papilloma had only one lesion, and two (13.3%) had two lesions. Only 4 of 28 cases with squamous cell papilloma in the oral cavity (14.3%) were HPV-positive (high risk, n = 1; low risk, n = 3), and none of the 15 cases in the oropharynx was positive for HPV by PCR. Pathological findings of koilocytosis were not observed in any specimens from the oral cavity or oropharynx.
Association of p16-IHC study and HPV-PCR in 34 laryngeal squamous cell papillomas (Table 3) The sensitivity of p16 IHC for HPV infection was 91%, and specificity was 92%. A significant correlation was observed between p16 IHC-positivity and the results of HPV-PCR.
Discussion
The HPV-positive rate by PCR in 34 laryngeal squamous cell papillomas of the present study (61.8%) was compatible with a study from Hong Kong of 27 cases (59%) (1). On the other hand, only 4 of 28 squamous cell papilloma cases (14.3%) were HPV-positive in the oral cavity, and none of the 15 cases in the oropharynx was positive for HPV in this study. The HPV-positive rate in 44 oral squamous cell papillomas from Slovenia (6) was 9.1%, and occasional findings of HPV DNA in oral squamous cell papilloma tissues have been concluded to represent incidental HPV colonization of the oral mucosa. The HPV infection rate in 18 oropharyngeal squamous cell papillomas from another Japanese group (7) was 0%, as in our study. Although HPV is well-known to be associated with oropharyngeal cancer (8) , oropharyngeal papilloma may have a thoroughly different etiology from oropharyngeal cancer. Laryngeal squamous cell papilloma is more closely associated with HPV infection compared with papilloma in other head and neck regions.
According to the risk of uterine cervical cancer, HPV is classified into high-risk types (HPV 16, 18, 31, 33, etc.) and low-risk types (HPV 6 and 11) (9), and HPV 11 has been reported as the most common type seen in laryngeal papilloma (2) . In the present study, 14 of 34 laryngeal squamous cell papilloma cases (41.2%) were positive for high-risk HPV (HPV 16, 18, 31, 33, 35, 52b), and 18 (52.9%) were positive for low-risk HPV (HPV 6 and 11), although the types in each case were not specified. Infections with multiple HPV types have been reported in cervical lesions (10), but to the best of our knowledge, no reports have described infections with multiple HPV types in laryngeal papilloma. The present study found that 11 of 34 patients (32.4%) were positive for both high-and low-risk HPV, while no significant relationship was seen between infection with multiple HPV types and the clinical characteristics of laryngeal squamous cell papilloma. In addition, HPV infection was significantly more frequently detected in younger patients (<60 years) compared with older patients (≥60 years). The present study was also the first to report a relationship between age and HPV infection among patients with laryngeal squamous cell papilloma, partially because of the limited number of studies examining adultonset laryngeal squamous cell papilloma. Among patients with head and neck cancer, HPV-positive cases tend to be younger (<60 years) when compared with HPV-negative cases (≥60 years), which has been partially associated with recent sexual behavior (11) . Congenital transmission is the principal route of juvenile-onset infection (12) , but the infectious route in adult-onset laryngeal papilloma remains unclear, although a relationship to sexual behavior is possible. In the present study, no malignant transformation of laryngeal papilloma was observed during the observational period, although the duration of follow-up may not be sufficiently long (mean, 42.4 months; range, 1-142 months). Among 96 patients with adult-onset recurrent laryngeal papilloma from the United States, 10 patients (10%) were diagnosed with dysplasia or carcinoma in situ in addition to papilloma, and five patients (5%) displayed malignant transformation to invasive carcinoma-ex-papilloma (13) . Of the 85 cases with laryngeal papilloma from the United States, 24 (28%) showed laryngeal dysplasia, with the majority positive for low-risk HPV subtypes (HPV 6 or 11) (14) . In a prospective study of 42 patients with recurrent respiratory papilloma from Germany (15), HPV11-positive patients showed a definitive association with more aggressive disease course, and five patients (12%) had recurrent laryngeal papilloma progression with spread to nasopharynx, bronchi and lungs with malignant transformation. On the other hand, Lee et al.
(16) demonstrated a high incidence of malignant transformation of laryngeal papilloma into laryngeal cancer in Taiwan (2.5/100 person-years), which is caused by persistent infection with high-risk HPVs such as HPV16 and HPV18. In cases of laryngeal cancer, HPV was detected in 35.5% of 93 laryngeal cancer samples from Poland, and more than half of HPVs detected were HPV16 and 18 (17) . In a meta-analysis of 179 studies between 1964 and 2015, the prevalence of HPV (mainly as the HPV16 genotype) in laryngeal squamous cell carcinoma was 25%, and variation was seen according to geographic origin; the highest effect size (39.9%) was found in studies derived from China, followed by those conducted in Central and South America (29%) and Europe (27.9%) (18) . No significant correlation between HPV infection and histological grading, clinical staging or overall survival in laryngeal squamous cell carcinoma was demonstrated (17, 19) . To the best of our knowledge, infections with multiple HPV types in laryngeal squamous cell carcinoma have never been reported. Considering the prevalence of low-risk HPV genotypes in laryngeal papilloma and high-risk HPV genotypes in the laryngeal cancer, in general, the risk of malignant transformation of laryngeal papilloma into laryngeal cancer does not seem high.
Maturational arrest of basal cells resulting in an accumulation of cells and basal hyperplasia is the principal mechanism underlying the pathogenesis of laryngeal papilloma (20) . The pathological finding of koilocytosis provides the most reliable morphological evidence of HPV infection (21) . Koilocytosis is observed in both low-and high-risk HPV infections, and E5 and E6 proteins from HPV cooperate to induce koilocyte formation in human cervical cells (22) . Most HPV-positive cases of squamous cell carcinoma in the head and neck showed characteristic clinical and histopathological features, such as verrucous growth of tumors and koilocytosis in the adjacent mucosa (23) . Although koilocytotic changes are inconspicuous in laryngeal papilloma compared with genital condyloma in general (3), HPV infection and p16-overexpression in the present study were significantly associated with the pathological finding of koilocytosis in laryngeal squamous cell papilloma.
In the study of 185 patients with primary oropharyngeal squamous cell carcinoma from the United States, p16 IHC was concordant with a positive high-risk HPV PCR test in 92%, and offered 92% sensitivity and specificity (24) . In the present study, of the 34 laryngeal squamous cell papilloma cases, HPV DNA/p16 status was (+/+) in 20 cases, (+/-) in 2, (-/+) in 1, and (-/-) in 11. The sensitivity (91%) and specificity (92%) of p16 IHC were almost same as those in oropharyngeal carcinoma. Positive p16 IHC staining did not always mean positive results of HPV-PCR, which could be due to either misclassification as HPV DNA-negative because of the insufficient sensitivity of the HPV DNA test, or, alternatively, cases in which p16 overexpression has been triggered by cellular signaling pathways other than HPV infection (25) . Since we have used paraffin-embedded specimens, the possibility that sensitivity of the HPV DNA test is insufficient cannot be excluded. However, in the majority of the cases with adenoid cystic carcinoma, for example, p16 IHC is positive but the presence of co-existing HPV infection is uncommon, which suggests that other biological mechanisms are likely the cause of p16 overexpression; alteration of p16 (CDKN2A) including mutations, deletions and promoter hypermethylation (26) .
Conclusions
HPV infection is frequently associated with laryngeal squamous cell papilloma, particularly among younger patients (<60 years). HPV infection and p16-expression were associated with the pathological finding of koilocytosis.
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